Objectives: This study aimed to summarise the current evidence from randomised control trials (RCTs) concerning treatment of patients with resistant hypertension with Chinese herbal medicine (CHM).
INTRODUCTION
Effective control of blood pressure (BP) in patients with hypertension decreases the incidence of all-cause and cardiovascular mortality, sudden death, stroke, coronary heart disease, heart failure, atrial fibrillation, peripheral artery disease and renal insufficiency. 1 2 However, many hypertensive patients are unresponsive to standard antihypertensive care. 3 4 Since the publication of a scientific statement from the American Heart Association (AHA) on the evaluation and treatment of resistant hypertension in 2008, there has been growing clinical and research interest in the epidemiology, pathophysiology and management of resistant hypertension. 5 Resistant hypertension is defined as a failure to achieve a BP goal of <140/90 mm Hg, despite treatment with a diuretic and ≥three different antihypertensive medication classes at maximally tolerated dosages. 6 Resistant hypertension is currently a devastating medical, social and economic problem. Despite knowledge about the management of resistant hypertension and the availability of numerous effective antihypertensive drugs and combinations of drugs, it remains a concern for both primary care clinicians and specialists. 7 8 Therefore, some patients choose non-conventional therapy to prevent and manage resistant hypertension. 9 There is robust evidence of the BP-lowering effects of complementary therapies, including aerobic exercise, 10 tai chi, 11 qigong, 12 yoga, 13 acupuncture, 14 moxibustion, 15 cupping, 16 massage, 17 dietary Fments 18 and herbal medicine. 19 20 Chinese herbal medicine (CHM), one of the most important components of traditional Chinese medicine (TCM), is widely used in East Asia. 21 CHM has been used for more than 3000 years and has unique concepts concerning aetiologies and systems of diagnosis and Strengths and limitations of this study ▪ The strength of this systematic review is its comprehensive, unbiased search of various databases, including the four main Chinese databases, without language and publication restrictions. ▪ The included trials were small with significant heterogeneity. ▪ This systematic review reached no definite conclusions about the effectiveness and safety of CHM for resistant hypertension.
treatment. 22 There has been continuing interest in the role of CHM in managing resistant hypertension. [23] [24] [25] CHM has the potential to complement conventional Western medical treatment by improving efficacy with few adverse events (AEs). CHM, either alone or as an adjunct to antihypertensive drugs, is widely used by TCM practitioners in China. Many clinical studies ranging from case series to clinical trials have reported that CHM improves signs and symptoms, decreases BP and modifies cardiovascular risk factors in patients with resistant hypertension. [26] [27] [28] However, there are still uncertainties concerning the efficacy of CHM because of the lack of high-quality, largesample randomised controlled trials (RCTs). To the best of our knowledge, there is no critically appraised evidence, such as a systematic review or meta-analysis, of the benefits and safety of CHM for resistant hypertension. Therefore, we aimed to systematically review published and unpublished RCTs to ascertain the role of CHM in treatment of resistant hypertension.
METHODS

Search strategies
The following electronic databases were searched from their inception until 17 Keywords for database searching were ("resistant hypertension" OR "hypertension" OR "high blood pressure" OR "blood pressure") AND ("traditional Chinese medicine" OR "Chinese herbal medicine" OR "Chinese herb" OR "herbal medicine" OR "herb therapy") AND ("clinical trial" OR "randomized controlled trial"). Additionally, conference proceedings relevant to this topic, references from relevant clinical trials and review articles were manually searched in an attempt to retrieve all potentially relevant published and unpublished articles.
Participants
Patients enrolled in the studies were required to meet at least one of the current or past guidelines for or definitions of resistant hypertension. 5 6 No restrictions were imposed on age, sex or ethnicity.
Interventions
CHM was defined as a decoction, tablet, pill, powder, granule, capsule, oral liquid or injection that originated from botanical herbal products according to the Pharmacopoeia of the People's Republic of China (2010 edition). All prospective RCTs comparing CHM used alone or in combination with conventional medicine versus placebo, no intervention or conventional medicine for resistant hypertension were included in this review, regardless of blinding, publication status or language. Trials investigating the effect of any type of CHM, with or without conventional medicine, in patients with resistant hypertension were included. Trials using CHM concomitantly with other types of complementary therapies such as tai chi, qigong, acupuncture, moxibustion, cupping and massage were excluded.
Interventions in the control group included conventional Western medicine, placebo or no intervention without restriction on dosage, formulations or frequency. Trials comparing CHM with other complementary therapies were excluded, as were case reports, case series, quasi-randomised trials, animal experiments and duplicated publications. It was required that patients in the treatment group had been treated with the same type and dosage of conventional therapy according to the same standards as that used in the control group. The duration of treatment was required to be more than 2 weeks.
Outcome measures BP and AEs were required to be reported as the main outcome measures at the end of the treatment.
Data extraction
Two independent reviewers read the titles and abstracts of references that appeared promising based on predefined selection criteria. Full articles were retrieved for further assessment. Reasons for exclusion of studies were recorded. After the final selections had been made, two reviewers independently extracted the data from the eligible studies. The data extraction form comprised the following items: (1) general information about the article, including authors, title, year of publication and source; (2) patient characteristics, including sample size, age and sex of the participants and diagnosis standard;
(3) characteristics of the included trials, including random sequence generation, allocation concealment, blinding, intention-to-treat analysis, reporting of dropouts or withdrawals, interventions in the treatment and control groups and duration of treatment; (4) outcomes, including BP data at baseline and after treatment; (5) length and frequency of follow-up; and (6) AEs. The authors were contacted by email, fax or telephone concerning any missing or confusing information about the trials. Disagreements were resolved by discussion and consensus was reached with a third party.
Quality assessment
The 'risk of bias' criteria according to the guidelines of the Cochrane Handbook for Systematic Review of Interventions were assessed to evaluate the methodological quality of the included studies. 29 The following domains were evaluated: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel ( performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other bias. The evaluated domains were judged as 'low', 'unclear' or 'high' risk of bias according to the criteria of the Cochrane guidelines. The trials were then categorised into three levels: low risk of bias (all items at low risk of bias), high risk of bias (at least one item at high risk of bias) or unclear risk of bias (at least one item unclear). Discrepancies were resolved by discussion between the four reviewers.
Statistical analysis
Mean changes in BP data between baseline and after intervention were used to assess differences between the treatment and control groups. Since all outcomes were continuous data, they were presented as weighted mean difference (WMD) and its 95% CI. WMD and 95% CI were calculated using Revman V.5.1 software provided by the Cochrane Collaboration (Copenhagen: The Nordic Cochrane Centre, Cochrane Collaboration, 2011). Heterogeneity was assessed by the I 2 statistic and was considered to be significant when I 2 was >50%. The fixed effects model was used to analyse data that were not significantly heterogeneous, whereas the random effects model was used where there was significant heterogeneity (I 2 >50%). p<0.05 was considered statistically significant. If a sufficient number of studies (at least 10) were available, an attempt was made to assess publication bias by using funnel plots.
RESULTS
Descriptions of trials
The flow chart in figure 1 depicted the search process and study selection. Primary searches of the seven electronic databases yielded 1826 potentially relevant articles. After removal of 1093 duplicates, 733 articles remained. After reading the subjects and abstracts of these 733 articles, 695 were excluded for at least one of the following reasons: (1) not a clinical trial; (2) case report; (3) lack of control group; and (4) efficacy of CHM not being the objective of the study. The full texts of the remaining 38 articles were retrieved and another 33 excluded for the following reasons: participants did not meet the inclusion criteria (n=27), no control group (n=3), duplication (n=2) and no data for extraction (n=1). Thus, five eligible studies were ultimately included. [30] [31] [32] [33] [34] All five trials had been performed in China and their findings published in Chinese.
The basic characteristics of these studies were summarised in table 1. They included 446 patients in all. All trials used CHM as adjunctive therapy for resistant hypertension. Interventions included CHM combined with antihypertensive drugs, whereas controls included antihypertensive drug therapy alone. Formulations of CHM included tablet, 30 32 decoction 31 34 and injection. 33 The duration of treatment ranged from 4 to 24 weeks. The compositions of the CHM used in each study are presented in table 2. The effects on BP were reported by all five studies; however, AEs were only reported in one of them. 30 Quality of the included studies The criteria recommended by the Cochrane Handbook for Systematic Reviews were used to assess the risk of bias of the five trials. The majority of studies were assessed to be of generally poor methodological quality (figure 2). All trials declared randomisation; however, none reported the methods used to generate allocation sequences (such as random number tables). Allocation concealment was not reported by all included trials. One trial reported blinding of participants and personnel. 32 However, no trial described blinding of the outcome assessment. One trial used a placebo control. 32 No trial reported intention-to-treat analyses, dropouts or pretrial estimations of sample size.
Estimates of effects on outcomes in terms of BP
All studies focused on the effects of CHM on resistant hypertension. Subgroup analysis was performed according to the different forms of CHM, namely tablet, 30 32 decoction 31 34 and injection. 33 Tablet Two RCTs compared CHM (tablet) plus antihypertensive drugs with antihypertensive drugs alone. 30 32 One trial conducted by Huang et al 30 assessed the effectiveness of 3A) .
Decoction
Two trials compared CHM (decoction) plus antihypertensive drugs with antihypertensive drugs alone. 31 34 One trial, performed by Wang and Zheng, 31 evaluated the effects of a decoction of Radix Angelicae Sinensis and Radix Astragali plus antihypertensive drugs on resistant hypertension. The other trial, performed by Yan, 34 reported the effect of CHM (decoction for supplementing qi and activating blood circulation) combined with antihypertensive drugs on BP compared with antihypertensive drugs alone. Meta-analysis of these two trials revealed no significant difference between the treatment and control groups on decreasing SBP (WMD=−12.56 mm Hg; 95% CI −26.83 to 1.71; p=0.08) with high heterogeneity (χ 2 =4.48, p=0.03; I 2 =78%); however, DBP was significantly reduced (WMD=−7.89 mm Hg; 95% CI −11.74 to −4.04; p<0.0001) with no heterogeneity (χ 2 =1.12, p=0.29; I 2 =11%), more so by the CHM (decoction) plus antihypertensive drugs than by the antihypertensive drugs alone ( figure 3B ).
Injection
One RCT performed by Zhang et al 33 compared CHM (gastrodin injection) plus antihypertensive drugs with antihypertensive drugs alone. Meta-analysis showed no significant decrease in SBP (WMD=−3.50 mm Hg; 95% CI −8.95 to 1.95; p=0.21) or DBP (WMD=1.00 mm Hg; 95% CI −1.39 to 3.39; p=0.41) in the study patients ( figure 3C ).
Adverse events
With increasing reports of liver and kidney toxicity caused by CHM, its safety is being scrutinised. [35] [36] [37] AE monitoring was reported in detail by only one of the trials 30 reviewed; the other four studies did not mention AEs. Huang et al reported that AEs occurred in two patients in the Radix Salviae Miltiorrhizae tablet group. Symptoms included a distending feeling in the head. There were also two patients with AEs in the control 34 Chinese herbal medicine Radix Astragali (Huangqi, Root) 30 g, Radix Angelicae Sinensis (Danggui, Chinese Angelica) 12 g, Radix Paeoniae Rubra (Chishao, Red Paeony Root) 9 g, Rhizoma Chuanxiong (Chuanxiong, Szechuan Lovage Rhizome) 9 g, Semen Persicae (Taoren, Peach Seed) 6 g, Flos Carthami (Honghua, Safflower) 6 g, Radix Platycodi ( Jiegeng, Platycodon Root) 6 g and Fructus Aurantii (Zhike, orange fruit) 6 g group; they experienced nausea, vomiting and other gastrointestinal reactions ( p>0.05). 30 No AEs were severe.
Publication bias
The number of included studies was too small (less than 10) to assess publication bias.
DISCUSSION
Summary of evidence
In Western medicine, control of persistently high BP is commonly accomplished by adding more/other types of antihypertensive drugs to the regimens of patients who are already receiving antihypertensive medications. However, in China, three-quarters of community health clinics provide both Western medicine and TCM treatments. 38 39 Given a widespread perception in China that TCM is useful in human healthcare, it is not uncommon for TCM physicians to prescribe CHM as an adjunct to conventional Western medicine when managing hypertension. 40 41 CHM is considered to have a positive add-on effect if the BP decreases to within the normal range, no matter how many or what types of antihypertensive drugs have already been used. [42] [43] [44] Such an add-on design is currently a common practice and is widely employed in clinical studies of TCM for hypertension. [45] [46] [47] This is the first reported attempt to assess the efficacy and safety of CHM for resistant hypertension by systematically reviewing reports published in English and Chinese. The overall results from the five included RCTs with 446 patients with resistant hypertension suggested that, compared with antihypertensive drugs alone, CHM (tablet) plus antihypertensive drugs clinically reduce SBP (decreased by 10.32 mm Hg) and DBP (decreased by 3.30 mm Hg); however, these reductions are not statistically significant. Moreover, CHM (decoction) plus antihypertensive drugs also produced a clinically meaningful reduction in SBP (decreased by 12.56 mm Hg); however, this change was also not statistically significant. CHM (decoction) plus antihypertensive drugs appear to be more effective in reducing DBP (decreased by 7.89 mm Hg). We found no significant difference between the effects of CHM (injection) plus antihypertensive drugs and antihypertensive drugs alone on SBP (decreased by 3.50 mm Hg) and DBP (increased by 1.00 mm Hg). Our review demonstrated that, when used as an adjunct to antihypertensive drugs, CHM may enhance their antihypertensive effect and be particularly beneficial for treating resistant hypertension.
Limitations
The generally poor quality and pronounced heterogeneity of the studies reviewed here should be taken into consideration. First, poor methodological design is one of the most common problems confronted by both complementary and alternative medicine. [48] [49] [50] The primary studies had a number of methodological weaknesses. All five included trials declared randomisation; however, none detailed the methods of random sequence generation. Additionally, no study described allocation concealment. Therefore, the studies potentially had selection bias. A double-blind design is an important means of preventing outcomes from being influenced by either the placebo effect or observer bias. However, only one study has described the use of placebos and the blinding of participants and personnel. Blinding of outcome assessment was not reported by any trial. The lack of a placebo control was of critical concern for the included clinical trials and for TCM research as a whole. Some features associated with CHM may have restricted the use of placebos in these trials. For example, 'decoctions' were used in two trials. 31 34 However, it is difficult to prepare a liquid (decoction) that has the same colour, taste and flavour as a placebo. 51 One trial used an 'injection' and demonstrated positive results in terms of BP, blood rheology, fingernail microcirculation and blood sugar. 33 However, the control group did not receive placebo injections; it is known that injections alone have a strong placebo effect. Therefore, we cannot rule out that the placebo effect was responsible for the overall effect of Chinese herbal injections. 52 CHM was administered in 'tablet' form in two trials, 30 32 one of which had a placebo control. Therefore, these findings should be interpreted conservatively. It is recommended that CHM be prepared in the form of a tablet, capsule, pill or injection in future trials. 53 Information on dropout rates, withdrawals and intention-to-treat analysis was not provided, which might have led to attrition bias and other biases. Another important limitation of this systematic review was the inadequate reporting of mortality and progression to severe complications with long-term follow-up, which weakens the reliability and validity of recommendations. 42 Moreover, significant clinical heterogeneity in the SBP and DBP was found. This heterogeneity may be strongly related to variations in methodological quality, participants, interventions and controls. Further, since only trials published in Chinese with 'positive results' regarding BP were included, potential publication bias cannot be completely ruled out. Additionally, since only one trial reported AEs, we had insufficient clinical data to draw definite conclusions concerning AEs. We therefore recommend that AEs of CHM be monitored rigorously and reported appropriately in future studies.
CONCLUSIONS
In summary, we can currently draw no firm conclusions about the effectiveness and safety of CHM for resistant hypertension. The methodological quality of the included trials was generally poor. Further rigorously designed clinical trials are warranted to more precisely ascertain the effectiveness and safety of CHM.
Additionally, future RCTs should avoid the limitations of the trials included in this systematic review by paying more attention to the following methodological issues: (1) adequate generation of allocation sequence and concealment of allocation; (2) appropriate methods of double blinding; (3) rational use of placebo controls; (4) strict reporting of dropouts and usage of intention-to-treat analysis; and (5) reporting of trials according to the recommendations of the CONSORT Statement. 54 
